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Abstract

Diploma thesis
Engineering and economics

University of Applied Science Rosenheim

Markus Fischer

Personal Intelligent User Interfaces 2008
Development of a methodology framework to evaluate technologies

in order to define high potential use cases

Germany depends heavily on the only raw material available within its national territory —
knowledge. Nevertheless, major management faults due to a lack of management
knowledge have led to closures of prosperous companies and in many cases to layoffs in the
thousands in the recent past. This questions the abilities of companies and their decision makers
and, once again, the actual quality of our most precious good. Managers cannot talk themselves
out of this by stating that Germany is no longer able to produce competitively, as this is not true.
The challenge is to make products people both need and enjoy. To achieve this goal, this thesis

provides a tailored solution for the information and communication market.

The topic deals with one of the most promising technologies since the internet, namely the next
generation of user interfaces — personal intelligent user interfaces (PIUIs). Some call it the Pan-
dora’s Box of the information century, whereas others consider it to be the salvation for the
mobile generation. This thesis might not be able to give a final answer to this dispute but pro-
vides a toolkit for the strategic technology management to cope with new technologies. Fur-
thermore, a methodology framework is developed and applied to evaluate the usability of intel-
ligent user interfaces. Usability is the key factor for broad user acceptance and success in a
highly competitive market environment like the communication sector. Beyond that, the work
presents a list of high potential use cases for PIUISs till 2008. First “products” of this list have
been presented or even rolled out earlier this year by major ICT companies like Nokia and Mi-
crosoft. This proof of validity and the fact that this paper includes a comprehensive list of in-
depth analysed next generation user interface technologies make this work a must read for every
determined and responsible manager.

1. Examiner: Prof. Dr. Franz Fischer

2. Examiner: Prof. Dr.-Ing. Dipl. Wirtsch.-Ing. Rudolf Hiendl

Rosenheim, 4th October 2006
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Kurzfassung

Diplomarbeit im Fachbereich Wirtschaftsingenieurwesen

Fachhochschule Rosenheim
Markus Fischer

Personal Intelligent User Interfaces 2008
Development of a methodology framework to evaluate technologies

in order to define high potential use cases

Immer wieder wird von Seiten der Wirtschaft und Politik betont, das Deutschland von dem einzigen Rohstoff,
der auf Bundesgebiet zu finden ist, abhéngig ist — Wissen. Nichtsdestotrotz machen immer wieder schwerwie-
gende Management-Fehlentscheidungen Schlagzeile, die zum Bankrott von eigentlich gesunden Firmen und
somit leider auch oft zu Entlassungen im vier- bis flinfstelligen Bereich gefiihrt haben. Dieser Umstand ldsst an
den Fahigkeiten der Entscheidungstréger in solchen Unternehmen doch stark zweifeln und somit auch an unse-
rem ,,wertvollsten Gut“. Manager konnen sich nicht mehr damit herausreden, das man in Deutschland nicht
konkurrenzféhig produzieren kann, da schon viele gezeigt haben wie es geht. Die eigentliche Herausforderung
liegt darin, Produkte zu entwickeln, die die Menschen brauchen und an denen sie Gefallen finden. Um dieses
Ziel zu erreichen bietet diese Arbeit eine mafigeschneiderte Losung fiir den Informations- und Kommunikati-
onsmarkt.

Das Thema gehort zu den interessantesten und erfolgversprechendsten Technologien seit dem Internet; die
néchste Generation von Mensch-Maschinen Schnittstellen — die Personal Intelligent User Interfaces (PIUIs).
Von einigen werden sie schon als die Biichse der Pandora verteufelt und wiederum andere sehen in ihnen die
Erlosung der ,,Mobile Generation“. Diese Diplomarbeit mag vielleicht keine Antwort auf die Frage ,,gut oder
schlecht geben, jedoch hilt sie fiir den Leser gut aufbereitete Methodiken des strategischen Technologie-
Managements bereit, um mit diesen Technologien in Zukunft arbeiten zu kdnnen. Zudem wird die Entwick-
lung eines Rahmenwerks beschrieben zur Bewertung von intelligenten Benutzerschnittstellen hinsichtlich ihrer
Anwenderfreundlichkeit oder besser Usability. In einem so hart umkédmpften Marktsegment wie der Kommu-
nikationsbranche, ist eine hohe Anwenderfreundlichkeit der Garant fiir eine breite Akzeptanz und somit Erfolg
beim Kunden. Dariiber hinaus wird im Rahmen dieser Arbeit eine Liste von besonders vielversprechenden
PIUI Anwendungsszenarien bis zum Jahr 2008 vorgestellt, welche mit den neuen Schnittstellen umgesetzt
werden konnten. Die ersten ,,Produkte” aus dieser Liste wurden bereits der Offentlichkeit présentiert oder
werden sogar schon von fiihrenden Herstellern wie Nokia seit Anfang des Jahrs vertrieben. Diese nachtrégliche
Bestitigung des hier angewandten Konzepts und der Umstand, dass diese Diplomarbeit eine umfangreiche
Analyse von nahezu allen relevanten Schnittstellentechnologien der ndchsten Generation beinhaltet, macht sie

zu einer iiberaus lohnenswerten Lektiire fiir jeden zielstrebigen und verantwortungsbewussten Manager.

Erstpriifer: Prof. Dr. Franz Fischer
Zweitpriifer: Prof. Dr.-Ing. Dipl. Wirtsch.-Ing. Rudolf Hiendl
Rosenheim, 4. Oktober 2006



Abstract 4

Table of Contends

Abstract.................. 2
) N 6
Tables 7

ADDIEVIALIONS .cuveiuiiniiiniisniisniisiisiissnisssicssicssecssnssssisssisssiesssessessssssssssssssssesssasssassssssssssssessasssssssns 8
1 INtrOAUCTION. . .cceuieitiinticnicticsnensnicsnesnessnesssesssesssesssessssesssesssesssessseessasssasssassssssssasssassanss 12
1.1 SCEOTIATIO .ttt ettt ettt e b e bt e s et e s et et e bt e bt e sbeesatesateeateenbeenbe e beenas 12
1.2 Problem Setting and GOALS .........c.eevvieiieiiieiiieii ettt sreere e reesreesreesraessbessseesseens 12
1.3 Structural Overview of the TRESIS ......cccueiiiiiiiiiieeeee e 14
2 Delimitation and Conceptual Definitions 16
2.1 Strategic Technology Management ...........cccecveeveerrierreerieereeseeseesresreeseesseesseesseessnenens 16
2.2 Methods of Strategic Technology Management..............ccceecvveeieerieenieneenieneeneeeieeeeens 17
2.2.1  Technology FOrECaStiNg......c.ccviievierieriieiierietiesreesteeseesreereereesteesteesssesssesssessseessesssanns 17
2.2. 1.1 EXPEIt PANCL.....cccuiiiiiiie ettt et ettt e et tb e e e et eetaeeenbeeearaan 18
2.2.1.2 Scanning and MONILOTING ........cceeeviierireririeerieeeiteeesreesreeesteeesereesseeessseessseeessseessseesssees 19
2.2.1.3 Patent and Literature ANalYSIS......ccceerierierieriiieieeieerieesteeteete ettt e seeesieeseeesneeeeeeseens 20
2.2.1.4 Trend IMPact ANALYSIS......ccciveriieriieeiiieriesierie et et et eseeseeesaesreeseeseesssesssesssessseesseenses 20
2.2.1.5 GAP ANALYSIS...eeiiiiiiiiieiiieiiesteeteete et esteesteestaestressbeesbeesseessaesstessbeasseerbearseenraesteesaaesraeans 21
2.2.1.6 SCENATIO ANALYSIS ..eeiuviiiiiieiiiieeiie et eeieeeite e st e e teeestreesbaeestaeeseseesssseessseessseeessseessseeessens 22
2.2.2  The Gardner HYPe CYCle ......ooouieiiiiieiieieciie ettt e s s 24
2.2.3  TeChNOlOZY ASSESSITIENL ...c..eeeuiieiieiieiientieneteeiteeteeteesteesteesstesateenseenseeseesseesseesaeesasesseens 25
2.3 Personal Intelligent User INtErface ..........ceeecviieiiiicciieeiecciiecee ettt 26
2.3.1 Definition Human-Computer INteraction...........ccccuevuerieriieeneeriiesienieeieeee e eeeenieeseeens 27
2.3.2  Definition of User INterface.........ccueriiriiiiiiiiiiieieseee e 27
2.3.3 Definition of Intelligent User INtrface ...........cccooieiiiiiiiiniiieeeeeeeee e 28
2.3.4 Definition of Personal Intelligent User INterfaces ............cceeeveeviievieriienienieniecee e 31
3 Development of the user requirement framework...... 32
3.1 USADIIIEY ..e ettt sttt et et ettt et e s et e s st e eateente e te e be e seesaeesnneenreens 32
3.2 Analysis of existing usability standards.........c..ccoooeeriiiiiiiiiiiiee e 33
3.2.1 The technology user requirements framework ..........c.ccooceeriiriiierieiierieesee e 35
3.2.2  Use case deVEIOPIMENL.......c.ceruiitiiiiriieiieie sttt sttt sbe e 40
4 User interfaces and technologies 42
4.1 ATTECtIVE COMPULINE ...oeevvieerieiieiieciieste e ere et ereesteesteeseaesebeesbeesseesseesseesseessaesssesssesssenns 42
4.2 VirtUal REALILY ...veeevieeiieiieieeieeeereeste ettt ettt st e st e s e e e ensa e saessaessaessnennsenns 44
4.3 Mixed Reality - Augmented Reality ..........cccoevieiieiiiiiiiieeieeeeeeee e 46
4.3 Chip Implants for IdentifiCation ...........cccceecvieeiiiiiiiecie e 48
4.4 Brain-Computer INtEITACE ........cceviiriiiiieiiciectere ettt saesenesane e 49

4.5 DISPLAYS ..ttt et et ettt e at e s ateente et e e te e teesaeesaaesnreens 51



Abstract 5
4.5.1 Electronic Ink and Digital Paper...........cccecieiieiiiiniiiiiiieeieeeeeeree e 52
4.5.2  RetNal DISPIaYS....iecieruiiiiiiieiieeie ettt ettt ettt sttt be et e et et et enneas 54
4.6 GAZE TTACKING....coitiiiiii et ettt e st e e tbeesebeeetbe e sbeeessaeessseeennes 55
4.7 GEStUIe RECOZNILION ....eoviiiiiiiiieii ettt re vt reesteestaestaeesbeesbeesseesaessnesssessseessenns 57
4.8 HANAWIIEINEZ .ottt et ste e s ee st e st e esbeesseesseeseesssesssesnsennseenseens 58
4.8.1 Handwriting CAPIUIE ......cceecviiiieirierieeiieereereereeteeseesaesereesseessaesseesssesssessseesseesseesssessnes 58
4.8.2 Natural Handwriting RECOZNITION........cccveiiiiiiiiiiiiiieeiie ettt 60
4.9 HaPUC INEETTACES ...e.eveeiiieiieiteciiece ettt sttt ettt e e et e s seessaesssessseensaens 61
410 INEIlIGENE AZENES...cuiiiuiiieiieieeieeieeetee ettt ettt et et et esate et e enteesteesbeesateeneeenbeenseeseaseas 62
411 LOCAtION SENSING ...viieiiieieiieeiieeiiieeiieesteeereeesteeestaeesbeeessseesseessseessseeassseesssessssesanssesssses 64
4.12  Machine Translation .........coceoirieiirieiereeee ettt ettt seeeneens 67
4.13  Natural Language S€arch...........cccceviiiiieiiieiieciietereere et seennees 70
4.14  SPeeCh RECOGNILION ....uviiiiiiiiiiieciie ettt et e et e e e et e e b e e s nbaeessaeesaseeenees 71
4.15  Speech-to-Speech Translation ..........ccccceeeieeriieriienierierie e ere e e e e s e sresereeeseeseesseas 73
4.16  SYNhetiC ChATACLETS .....vivvieiieiieriiertesee et et et et e seeseeesseesseesseessaesseesssesnseanseesseenseenses 75
417 TEIEPIESEIICE ....eevieeietieiie ettt ettt et et e et e et et e bt e bt e sbeesateenteeabeeseesseesneesnseenseenseenseas 77
4.18  Text-to-Speech SYNTIESIS ...cccuviiiiiieiiiciiecite ettt ere e ser e eaereeenas 79
4.19  Wearable COMPULETS .......cccccveeiveerieerieeriiesieereereeseesseesseesseesssesssesssessseesssesssesssessseesseessens 80
5. Conclusion 83
5.1 SUMMATY .ttt ettt e e et e et e e st e e estbeeesseeessseessseeessseesssaeassseessseeansseensseenssennn 83
R0 0 14 (0 )T 85
Appendix 86
Attachment 1: Gartner Hype Cycle (1/2) c..oiiiiiiiiiiieeeeitetete ettt 86
Attachment 1: Gartner Hype CYCle (2/2) cvviiiiiiiiiieieeieeiteeecie sttt eve et sve v ennes 87
Attachment 2: International standards for HCI and usability (1/3)......cccccevvieviienciinciinciieieeieenen, 87
Attachment 2: International standards for HCI and usability (2/3).....cccccceveeiviinienniniiieieieenen, 88
Attachment 2: International standards for HCI and usability (3/3)....cccccccvveviiiniieniiieeiieeieeee, 89
Attachment 3: The PIUI-T@AML..........cciriiiiiieieieeee ettt 90
Attachment 4: About DETECON ......cociiiiiiiiiiiee ettt ettt st et 92
Attachment 5: Usability attributes additional information............cccceceveeeeiireniienieeniie e 92
Attachment 6: Fulfilment Relevance Matrices for all Technologies ...........cccceveveevieriecveeneennen. 93
Attachment 7: Use case list - rough draft after the first consolidation...........c.ccocevereierineenene. 101
Attachment 8: Final consolidation — high potential PIUI use cases........cccccoceveeveneneenenenene. 106
Bibliography 115
Index 124




Figures 6
Figures
Figure 1-1: Structural overview of the thesiS........ccccieiiiiiciiiiiieccce e 14
Figure 2-1: Strategic planning process by Renfro and Morrison (1983) (qtd. in Gorden and

GLENN 1994, P. 28) .oieiieeiieieeieetest ettt ettt ettt e st stae e b e b e et e e bt et e sebeesreerraenraeneas 19
Figure 2-2: Typical event impact parameters (based on Gordon, p. 2)......cccceveeeeererieseneneenenns 21
Figure 2-3: Working model of the scenario method - the scenario funnel (Cf. Geschka

1905, Pr 305 ittt ettt 23
Figure 2-4: Phases of the Gartner Hype Cycle (Gartner, 2005)......c.cccceeveevienienienienreereeveennens 25
Figure 2-5: The IUI research field and selected topics (Ehlert, p. 4) ....ccccevvvevieeviieveenienienreeen, 29
Figure 2-6: General IUI Architecture (Maybury, p. 13) .cccoieeieeiieiieieiecee e 30
Figure 3-1: The ISO 9241-11 usability framework............ccccovirieiiririeeeeeee e 35
Figure 3-2: ISO/IEC 9126-1 — the six categories of software quality..........ccccceeeveeeiiecreevreenieennen. 37
Figure 3-3: Relevance and fulfilment graph using the example of the brain-computer

TIEETTACE. ..ttt ettt ettt e a et bt et e b e eb e et ebe et et eneeneas 39
Figure 3-4: Fulfilment relevance gap graph using the example of the brain-computer

INEETTACE. ...ttt ettt ettt ettt e bt e e bt e s bt e sate st eembe e b e ebeenbeas 40
Figure 4-1: User requirement graphs of affective computing..........ccccceeveeveninienenennencneennens 43
Figure 4-2: User requirement graphs of virtual reality ..........ccccooverveevininiiiniininiininieenencens 45
Figure 4-3: The Virtuality Continuum (based on Milgram 1994, page 2).......cccccovevevevvrvervennnen. 46
Figure 4-4: User requirement graphs of augmented reality ..........cocceoeiinieiininieneneneneeeeee 47
Figure 4-5: User requirement graphs of chip implants for identification............ccccceeeeevencncennene 49
Figure 4-6: User requirement graphs of brain-computer interface.............ccoceeeeveneneenenennenens 50
Figure 4-7: User requirement graphs of electronic ink and digital paper ............ccccevcervereneenens 53
Figure 4-8: User requirement graphs of retinal diSplays........ccccccevevveviiereenieeniieniienie e, 54
Figure 4-9: User requirement graphs of gaze tracking...........cccocvevevvrvieeveeneeneenienienreeveeveeeenns 56
Figure 4-10: User requirement graphs of gesture recognition ...........cccceeevveereervesvenrencreenneennens 57
Figure 4-11: User requirement graphs of handwriting capture ...........ccccoeeeeveneeeienenieseseeeeens 59
Figure 4-12: User requirement graphs of natural handwriting recognition.............ccecceceveeeenene 61
Figure 4-13: User requirement graphs of haptic interfaces..........coccvvvvveveerieniiencieeiiereereeieeen. 62
Figure 4-14: User requirement graphs of intelligent agents...........cccecveeveerieniencrencieereesreeneeenn. 64
Figure 4-15: LBS applications in categories (Steiniger, et al., P. 8) coccvevevveciievieeviereeeeeeeeen, 66
Figure 4-16: User requirement graphs of 10cation SeNSing ...........cceecvveerveeecreeerieeniveeesreeesveeennes 66
Figure 4-17: Methods of machine translation ............cccceevcieieeiieriiieiiie e 68
Figure 4-18: User requirement graphs of machine translation............cccocceeeevierieenciieeceeeereeeene, 69
Figure 4-19: User requirement graphs of natural language search ..........c.ccccceevevveecieenieenneenne. 71
Figure 4-20: User requirement graphs of speech recognition on mobile devices........................ 72
Figure 4-21: User requirement graphs of speech-to-speech translation............cccceeeveeeeveennennne. 74
Figure 4-22: User requirement graphs of synthetic characters ...........cccoceveveviiencieeecie e, 76
Figure 4-23: User requirement graphs of telepreSence ..........oceevevervienineiiinenieneneeieneneens 78
Figure 4-24: User requirement graphs of text-to-speech synthesis.........cc.ccocevervienennicnicneennns 80
Figure 4-25: User requirement graphs of wearable COMPULETS ........cccccoveveerieniinienenensieneneeens 81
Figure 0-1: Gartner Hype Cycle for Human-Computer Interaction, 2005............ccccoocveriveneeenen. 86



Tables 7

Tables
Table 1: Relevance matrix for the FRG calculation using the example of the brain-

COMPULET INEEITACE ...euveeviiiiieeiieie ettt ete sttt e b e e b e e b e e teesteestbessaeseseesseesseesseesseessnes 38
Table 2: Hype Cycle Phases. (Gartner Hype Cycle for HCI 2005) ......c.ccovvevvvevierienieiieeieeiens 87
Table 3: International standards for HCI and usability - interface and interaction (cf.

USability Net, 2005) ..uviiieiieeiieiieieeree et ere et eiee e e seaesssesssessseesseesseessaessnesssennns 87
Table 4: Development of ISO Standards ..........ccoecvveeiieeiierierieree e 88
Table 5: Stages of development of international standards and abbreviations ..............cccceveenneee 89
Table 6: Additional definitions / explanations for usability attributes............ccceveerieerieererennnnns 92
Table 7: Fulfilment relevance matrix for the FRG calculation of affective computing............... 93
Table 8: Fulfilment relevance matrix for the FRG calculation of virtual reality ...........c..ccveeue.n. 93
Table 9: Fulfilment relevance matrix for the FRG calculation of augmented reality .................. 93

Table 10: Fulfilment relevance matrix for the FRG calculation of chip implants for
IAENHIFICALION ....cuiiiiiiiciccc et 94

Table 11: Fulfilment relevance matrix for the FRG calculation of brain-computer interfaces....94
Table 12: Fulfilment relevance matrix for the FRG calculation of electronic ink and digital

PAPCT ettt ettt ettt et ettt ettt et e bt e h bt e e bt e e eht e e s bt e e bt e e eabe e e bbeesateeebeeeeabeeebee s 94
Table 13: Fulfilment relevance matrix for the FRG calculation of retinal displays..................... 95
Table 14: Fulfilment relevance matrix for the FRG calculation of gaze tracking........................ 95
Table 15: Fulfilment relevance matrix for the FRG calculation of gesture recognition............... 95
Table 16: Fulfilment relevance matrix for the FRG calculation of handwriting capture............. 96
Table 17: Fulfilment relevance matrix for the FRG calculation of natural handwriting

TECOZNILION ...eeiuevieeiiieeiieeeteeestteeeteeeteeessbeeestseessseeasseeessseessseeasssesssseeessseessseessssesssseesseen 96
Table 18: Fulfilment relevance matrix for the FRG calculation of haptic interfaces................... 96
Table 19: Fulfilment relevance matrix for the FRG calculation of intelligent agents.................. 97
Table 20: Fulfilment relevance matrix for the FRG calculation of location sensing.................... 97
Table 21: Fulfilment relevance matrix for the FRG calculation of machine translation.............. 97

Table 22: Fulfilment relevance matrix for the FRG calculation of natural language search ....... 98

Table 23: Fulfilment relevance matrix for the FRG calculation of speech recognition............... 98
Table 24: Fulfilment relevance matrix for the FRG calculation of speech-to-speech

TLANSIALION ..ottt ettt ettt et sttt et et 98
Table 25: Fulfilment relevance matrix for the FRG calculation of synthetic characters ............. 99
Table 26: Fulfilment relevance matrix for the FRG calculation of telepresence..................c....... 99
Table 27: Fulfilment relevance matrix for the FRG calculation of text to speech synthesis ....... 99
Table 28: Fulfilment relevance matrix for the FRG calculation of wearable computers........... 100
Table 29: Use case list rough draft after the first consolidation, part 1 of 5........ccccoceevininienne. 101
Table 30: Use case list rough draft after the first consolidation, part 2 of 5.........ccccvvevvennnnen. 102
Table 31: Use case list rough draft after the first consolidation, part 3 of S.........ccccveevvenennen. 103
Table 32: Use case list rough draft after the first consolidation, part 4 of S.........c.cccevevvenennen. 104
Table 33: Use case list rough draft after the first consolidation, part 5 of 5, part 5 of 5............ 105

Table 34: List of high potential use cases - draft Version..........c.ccecevereeeeneneeneneneneneeeeee, 106



Abbreviations

Science

Abbreviations

ACM Association for Computing Machinery
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BCI Brain-Computer Interface

BM Bundesministerium (German)

BMI Brain-Machine Interface
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